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ACQOUSTIC LINER STUDIES AT THE LEWIS RESEARCH CENTER
by Bert Phillips
ILewis Research Center
National Aeronautics and Space Administration

Cleveland, Ohio

INTRODJCTION

Research on acoustic liners at the Lewis Research Center was prompted
by the original work of Wanhainen (ref. 1), presented at the 1966 ICRPG
meeting, which indicated a lack of understanding of mean flow and high wave
amplitude effects on liner behavior. The research has taken two approaches:
the testing of arrays of isolated Helmholtz resonators in a rocket engine
and the cold flow testing of a single Helmholtz resonator. The purposes of
the "hot" testing were to determine whether mean flow effects should be
included in a calculation of the cavity resonant frequency and to determine
the most effective axial position of an acoustic liner. The purpose of the
cold flow testing was to determine the effects of mean flow and high wave
amplitude on the resonator behavior. The "hot testing" will be discussed
first.

Testing of Arrays of Helmholtz Resonators in a Rocket Engine. The "hot
testing  was conducted in a 300 psi chamber pressure, ll-inch diameter, hydro-
gen-oxygen rocket engine with & nominal sea level thrust of 20,000 pounds., A
sketch of the array of resonators is shown in figure 1. There were 38 rows by
34 resonators per row. The holes were spaced on a l-inch square array with
the first row 5/4-inch from the inJjector face. EFach cavity depth could be
varied from one run to the next and provision was made for resonator cavity
gas temperature measurement and cavity gas sampling.

A typical test is shown in figure 2. Fach liner configuration is stability
rated by decreasing the inlet hydrogen temperature while holding the O/F and
Po constant. UThe fiush mounted high [freguency transduccr shows 2 low ampli-
tude signal which increases until, at some Hp inlet temperature, transition to
full-scale instsbility, or screech, is encountered. The difference in transi-
tion temperature between a baseline (no liner) configuration and the liner
configuration is taken as a measure of the liner damping (i.e. the lower the
transition temperature, the higher the damping).

Shown in figure 3 is a plot of the reduction in Hp inlet temperature
versus cavity depth for the entire array. The cavity depth corresponding to
a reduction in temperature of 47° corresponds to the tuning of the cavity
resonant frequency with the wave frequency. The wave frequency corresponds
to the frequency of the pretransition oscillation and is obtained by spectral
analyeis of the high frequency transducer output. A sample of the spectral
analysis is shown in figure 4a. For comparison, a spectral analysis of the
full-scale instability is shown in figure 4b. The full-scale instability
exists in both the 1T mode (3300 Hz) and the 2T mode (5700 Hz). It is not
possible to determine the modal type for the pretransition oscillation, but
the difference in frequency can be noted.

TM X 52367




-2 -

By measuring the cavity gas temperatures and compositions at transition,
a cavity resonant frequency, based on available correlations from reference 2,
and the cavity depths of figure 3, can be calculated. These results are shown
in figure 5. The spread in calculated frequencies is due to variations in
the measured cavity gas temperature before transition to full-scale insta-
bility. On the same plot is shown the wave frequency based on spectral
analysis of the pretransition noise. 1In order for the cavity depth of 1-5/4
inches (from fig. 3) to have the maximum damping, the resonant frequency
must have been equal to the wave frequency, thus, the frequency calculation
is in error by the difference between 4400 and 6600 Hertz or, a frequency
shift factor of 0.66 is required. In order to account for such a frequency
shift, recourse is made to the frequency shift correlation of reference 3
which is based on mean chamber flow. This correlation, modified for Mach
number, is shown in figure 6. The contraction ratio of the rocket engine
used was 1.9 which corresponds to a Mach number of 0.33 which, in turn, cor-
responds to a frequency shift ratio of 0.63. The agreement between the
required and mean flow frequency shifts indicates that a mean flow effect
is required for calculating the cavity resonant frequency.

In order to determine the most effective axial position for a liner, a
series of tests were conducted with the rows nearest the injector. The first
row tested was that nearest the injector (3/4-inch) and the results are shown
in figure 7. The reduction in hydrogen inlet temperature is plotted versus
calculated cavity resonant frequency for just the first row alone (circular
symbols). As the next row, and even the next two rows were added, there was
no additional decrease in the transition temperature within experimental
error, indicating that it was the first row alone that contributed to the
damping. Thus, a liner consisting of one row of holes 3/4-inch from the
injector face would be required for this engine configuration.

Cold Flow Testing. The apparatus for determining mean flow and high
wave amplitude effects is shown in figure 8. It consists of a small air wind
tunnel on which were mounted electrical and electropneumetic sirens for sound
sources. The Helmholtz resonator was [lush mounted with the inside of the
tunnel as shown and the air flow was measured by a pitot static probe tube.
The system was limited to 360 ft/sec meximum flow velocity and 165 db sound
pressure level.

A detailed sketch of the Helmholtz resonator is shown in figure 9. The
aperture thickness and area could be readily varied and the cavity depth was
also variable. The effects of flow and wave amplitude were determined by
fixing the flow and/or wave amplitude and measuring the oscillating phase
and pressure on both sides of the aperture as the cavity depth was varied.
From these determinations, the resonator aperture resistance and reactance
could be readily calculated.

A typical experiment was to determine the reactive mass or aperture
effective length from the phase measurements. 1In order to verify that the
phase measurements were reliable, calibration tests were made by measuring
test chamber SPL and phase as the cavity depth was varied for fixed siren
power and frequency. The results are shown in figure 10.
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As the cavity depth was varied, cavity resonant frequency alsoc varied,
At the tuned point, the test chamber SPL reached a minimum when the phase
angle was 90°, thus indicating that phase measurement could be used to deter-
mine tuning and aperture reactance.

The effects of mean flow on aperture reactive mass, as expressed by the
reduction in this aperture effective length, is shown in figure 11. Two
aperture thicknesses and three freguencies were tested and there was no affect
of either frequency or thickness in the ranges tested. On the same plot, a
line representing the I_pp, correction factor, is shown. When the reduction
in lepr (Alepe) equals the I pp correction factor, the lopp 1s equal to
the aperture thickness.

Comparison of the mean flow results with the resuits of figure 3 is
shown in figure 12. The results, although gualitatively the same, are guan-
titatively different. The difference may be ascrived to variaticxs in the
turbulence level between the apparatus of reference 3 and the present experi-
ment and the fact that the results of reference 3 represent tests with.an array.
of connected resonators (acoustic liner) whereas the present experiment in-
volved a single resonator. In any case, the results indicate that, at high
flow rates, much of the I.pp is dissipated, or reduced to the aperture thick-
ness. Thus, an initial design fcr a liner that will operate in a high velocity
environment would te to set the I.pp equal to t, the aperture thicknress.

The effect of mean flow on the aperture accustic resistance is given in
figure 13. The circular symbols, representing the data of reference 3, were
obtained from the bandwidth of the absorption-frequency curves shown in figure
4 of that reference. The results show surprisingly good agreement.

The effect of wave amplitude on the aperture acoustic resistance is
shown in figure 14. The results are plotted as €, the nonlinear resistance
parameter, versus the wave amplitude. The data does not seem to match the
results reported by Pratt and Whitney, Blackman (ref. Z), or Ingaard {(ref, 3).

Rather than plot the results as ¢, the resistance was plotted directly
versus the calculated acoustic particle velocity, as suggested by Ingaard in
reference 4. This is shown in figure 15. The data agree with the equation
R = pv' where p is the gas dersity and ' 1is the caleulated acoustic
particle velocity. These results agree with reference 5 which attributes
nonlinear acoustic resistance to a pv’2 jet loss. This method of calculating
the acoustic resistance should have great utility in simplifying liner design
calculations.

The research at the Lewis Research Center is continuing with the purpose
of applying the experimental cold flow technique discussed in this paper to a
rocket engine environment. A preliminary test result 1s shown in figure 16.
The engine is operated in a pretransition region at steady-state conditions.
The cavity depth is increased while the ¢oscillating pressures on both sides
of the aperture are measured. ‘The cavity is also purged with helium to define
the cavity compcsition and temperature. From these results,; the effects of
chanber flow and wave amplitude on the resonator behavior can be determined.
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Figure 5. - Tuning curve for 8 row liner.
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